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Distribution Functions

Who cares?

You guys!

Simulated distribution functions help us understand...

e Fast-ion collective effects which can drive MHD instabilities

e RF wave-particle interactions (specifically ion RF heating)
e Comparison of numerical simulation to measured data

...and complete distribution function data can be used as initial
conditions for other simulations.




TRANSP

From the TRANSP web page:

TRANSP is a time dependent transport analysis
code for tokamak experiments.

TRANSP is basically a collection of command line
programs that simulate tokamak plasmas.

Input: experimental data from tokamak shots
Output: useful data that cannot be measured, but can be simulated




TRANSP DF Generation

TRANSP can produce the full distribution function of all
Monte Carlo particles in the simulation in energy, pitch, x,
and O space. But there are two ways to do this:

Tokamak Shot

t=0 | t=end
Run TRANSP and specify times of interest in the namelist

Pros: You just run TRANSP Time of Interest
Cons: Locks in your choices of toi's

Run TRANSP, extract plasma state at the time of interest,
re-simulate deposition over a short time span

Pros: Very flexible

Cons: A longer process, but only if TRANSP hasn't

been run Method 2 - Nubeam over short interval

|

Method 1 - TRANSP over entire shot




NUBEAM FGen DF Analysis

This is a complicated process using 4 separate programs

TRANSP

Simulation
Takes diagnostic data and nubea m_comp_exec

simulates the plasma over Simulates particle deposition over
the full time of the shot desired time interval

DF File
trxpl

Extracts Plasma State files

from TRANSP Run data get_fbm
Visualization tool for

distribution function data




The Catch

TRANSP is a very powerful tool for tokamak plasma
research, but also presents a steep learning curve.




Now What?

// What Ve oy
Iterator 1terat

while (1terator haetl) f
tempResourceOrderPart = el

The Solution: Java Front-end

NUBEAM FGen is one of the newest ElVis
internal desktop applications.




Introducing NUBEAM FGen

By lines of code:

1255 - GUI built into ElVis
361 - Manager class Java

83 - Servlet functions
352 - Server-side scripts } Python
74 - 'Glue' files } Cshell

Total: 2125




faed NUBEAM Distribution Function Factory

_[ Job Submit ] Job Status \

Data

Server: PPPL Fl

Tokamak/Tree: D3D U

ID mwst be in the form
SZ=ssA2sor

Run ID/Number: 118419507

Options
Plasma State Parameters

Time of Interest 3.0 | CheckValues |

Duration .01
Target Plasma
(® Fixed () Time Series

Number of Steps 10

Simulation Parameters

Number of Monte Carlo Particles 50000
Number of Deposition Particles 10000

eI

Number of CPUs

Year. 02

| Browse Run |

Submit Job

NUBEAM FGen

Job Submission Panel

Connects to an MDS+ Server to
retrieve TRANSP data (uses B
Bariteau's MDSPanel class)

Users can:

Browse TRANSP Run using an
interactive RPLOT Session
Produce plots at the given time
of interest (using RPLOT)
Submit Job

Instant
Parallelization!




[ NUBEAM Distribution Function Factory C=)ed

s o e NUBEAM FGen

JobID |RunlID Tol Start Datetime Size Status

118419502 26 08/07/2009 10:31:38 12 MB Complete [
118419805 3.0 08/07/2009 10:37:07 124 MB Complete '/Ob Status Pane/

118419507 366  08/07/200010:38:54  126MB  Complete . .
118419807 37 08/07/2009 10:39:37 0 Failed NUBEAM simulations take aI’WWhere

118419507 37 08/07/2009 11:37:39 0 Running from 10 minutes tO hourS USGI"S mUSt
be able to monitor runs and come

back to them.

FGen jobs are stored in a flat file
database which is (partially)
loaded into the history table.
Users can select a run and

* Openin get_fbm

* Plot

* Download

* Delete

Manage | Updatelist | | ViewDetails | | Delete

Analyze | Inspect | | Plot | | Download |




NUBEAM Job Details

e 8l NUBEAM FGen

TRANSP Run ID: 118419507 0
MDS+ Server: transpgrid.pppl.gov JOb Detall Frame

Tokamak: D3D

Year: 02 The backend of NUBEAM FGen

il i (TRANSP programs) can break
occasionally and we need to deal with

that.

Function Factory Log

Nubeam Web Service
Run on 08/07/2009 at 11:37:39

Paameters: Loads all parameters for

run_id: 118419807

< coussi selected job from db and
ot all log files created by

Ystrx_gen_state: | RANSPE Input data avallable; traatouf loaded. .
%trx_gen_state: add TQABDF to TQJXB. b m b

%trx_gen_state — source averaged data used for ru n N u e a We Se rVI Ce *
recycling and gas flow source neutral densities. ~

trx_gen_state completed, status = 0 (0 is normal).

- J

Allows users to help the
TRANSP developers in the
debugging process

NUBEAM Log

101836.bennu.pppl.gov:13001

pbs_mpi_qgsub: done.
job submit status: 0

< —
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(8) Energy CR Pitch - SLICE MULTIPLOT
>ENTER CHOICE NUMBER BETWEEN 1 AND &
GRF35G: ENTER OPTION #:

DIMENSICN #1: Energy DIMENSICN #2:

G3MSEL: CHOOSE DIMENSION FOR X AXIS (1 OR 2):

SLICES OF Pitch
000E-01 TC

AVAILABLE FROM
-9.8 9.80000E-01 vpll/v NO INTERH
OPTIONS--
A: SPECIFY ALL SLICES
SPECIFY STARTING SLICE, SPACING INTERVAL AND NUMBER
SPECIFY STARTING SLICE INDEX, NUMBER AND INCREMENT
SWITCH X AXIS
QUIT

G3MSEL:
b

ENTER SLICE OPCODE (A/B/C/X/Q):

| | |

—

get_fbm normalization test: densities should match.

SPECIFY Pitch
G3MSEL: ENTER START VALUE:

VALUES IN vpll/v

G3MSEL: ENTER INTERVAL:
G3MSEL:
10

GRAOPT - OPTIONS: ENTER "C" TO SEE THE ENTIRE MENU
GRAOPT: ENTER ONE LETTER OPCODE (.C/A/S/X/Z/G/P/Q):

ENTER NUMBER OF SLICES (INTEGER):

OF Pitch AVAILABLE FROM
9.80000E-01 vpll/v NO INTERH

OPTIONS--

A: SPECIFY ALL SLICES
SPECIFY STARTING SLICE, SPACING INTERVAL AND NUMBER
SPECIFY STARTING SLICE INDEX, NUMBER AND INCREMENT
SWITCH X AXIS
QUIT

G3MSEL: ENTER SLICE OPCODE (A/B/C/X/Q):

#/eVx10M

118419505 @t= 2.551 -- f@ integrated over x,theta,vplliv

x= 0.00: 1.00,th=-3.14: 3

vplliv=-1.00: 1.00,ns= 1

eVx10°®
guiding center fast ion distribution function

fem3/eV/dA x 10°

=}
in
=}

x=0.00 to 0.00, th=0.00 to 0.00 (AVERAGED)

118419505 @t= 2.551 f(E,vplliv) [GC]
T T T T | T T T 1 .QDUDUE.UI
-7 0000E-01
-5 0000E-01
-3.0000E-01
-1.0000E-01

S.00000E-01

9.00000E01

Z=1 A=2 Beam VS Energy




I ' Jl ]L
BEE

; [ Job Submit | Job Status | Help | 7

bm normalization test: densities should match.

JobID | RunID Tol Start Datetime Size Status 8419S05 @ 2 551 -- fsl? mtegrated over X, theta wpliiv
118419502 26  08/07/200910:31:38  12MB Complete |a| 0.00: 1-0 =-3.14: 3.14,vpll/=-1.00: 1.00,ns~ 1 |
118419305 30  08/07/200910:37:07 124MB  Complete T\

118419507 366  08/07/2000 10:38:54 126MB  Complete
118419507 37 08/07/2009 10:39:37 0 Failed

118419507 37  08/07/200911:37:39  126MB  Complete
118419505 34 08/10/2000 04:0455 125MB  Complete
118419505 322  08/12/200905:49:46 124MB  Complete

] Download DF NetCDF File X

@ hitp:/iw3. |.govifgweb/nubeam/pshr0075/7/
1

.vx10f
Manage

niding center fast ion distribution function

Analyze |  Inspect Plot | | Download | = 0.00 to 0.00, th= 0.00 to 0.00 (AVERAGED)
8419505 @t= 2.551 f(E,vplIv) [GC]
T

-9.0000E-01
-7.0000E-01

3 .UUUUE 01
-1.0000E-01

S.00000E-01

9.00000E-0]

Pitch
vpliiv

G3MSEL: ENTER SLICE OPCODE (A/B/C/X/Q):

evx10°®

Z=1 A=2 Beam VS Energy




HttpURLConnection | | DataExchange PPPL Resources
FUSIONGRID

SWIFTO1 S CriptS
Servlets .
- runNubeam gIO’bUS - nubeam_comp_exec
- manageNubeam - get_fbm
- getSize
- getNubeamStatus gsub
S

PPPL CLUSTER
NUBEAM Simulation




Java UML

[ FFinternalFrame

Frame{ Stnng pshvS

omponents{ )

Ope

String nameS

|FFManager

.FFSubmitPanel

pubkc boolean vakdate AN

Cpevatons

)

pubhc String getSel )
pubhc void updateTable(
PpUbAC void show

ring yobiD )

b void showDownload( String jobiD )

vate FFManager( )

@

cvoid setup( FFRinternalframe frame, Sting

JntemalFrame getFramef

pubke FFD
pevate voud

| public String

getParameters( )

! Maanager

h, String name, String LtiServ

Singleton!




Summary

(One of the) Newest ElVis applications
Successfully creates full DF files (NetCDF)
Provides complete monitoring/management tools

Python and Java are well-documented (inline
comments)
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All Flickr photo credits given in captions

TRANSP Homepage: http://w3.pppl.gov/transp/
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Back-end code provided by PPPL Computational Plasma
Physics Group
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